Introduction
============

Breast cancer is one of the leading causes of death among women ([@b1-ol-0-0-11166]). The high heterogeneity of breast tumor cells prevents traditional treatment options from satisfying the individualized treatment needs of patients with breast cancer. Genetic alteration is a feature of breast cancer; if molecular-targeted therapy was developed based on different genetic abnormalities in patients, the mortality rates could be decreased ([@b2-ol-0-0-11166]). With the development of gene sequencing and bioinformatics, the association between the regulation of non-coding RNA sequences in the cancer genome and the complex biological characteristics of tumors has become a hot topic of research. Our previous study demonstrated that the long noncoding RNA (lncRNA) LINC00365 and the secreted protein secretoglobin family 2A member 1 (SCGB2A1; also termed mammaglobin B are expressed at low levels in gastric cancer, as revealed by bioinformatics analysis, and that there is a regulatory relationship between them ([@b3-ol-0-0-11166]). Expression of SCGB2A1 is associated with chemotherapy and radiation resistance and cancer cell stemness ([@b4-ol-0-0-11166]). Therefore, the present study aims to determine the association between LINC00365 and SCGB2A1 in breast cancer and to develop new targets for breast cancer treatment.

SCGB2A1 is a small secreted protein that is a member of the superfamily of uterine proteins ([@b5-ol-0-0-11166]). The gene encoding this protein is located on chromosome 11q12.2 ([@b6-ol-0-0-11166]). SCGB2A1 was first isolated by Becker *et al* in 1998 ([@b7-ol-0-0-11166]); it has been identified in epithelial cells in the lung, breast, salivary gland, sweat gland and prostate and is closely related to cell secretion, inflammation, tissue repair and tumorigenesis ([@b8-ol-0-0-11166]). SCGB2A1 is considered a candidate marker for detecting certain minimal cancers in lymph nodes and for diagnosing tumor cells hidden in the exudate of patients with various malignancies ([@b4-ol-0-0-11166]). In addition, gene expression profiling identified SCGB2A1 as a highly expressed gene in all histological types of ovarian cancer ([@b9-ol-0-0-11166]). Previous studies have reported that SCGB2A1 is expressed at a low level in luminal breast cancer compared with that in normal tissue ([@b10-ol-0-0-11166],[@b11-ol-0-0-11166]), but the specific mechanism behind its involvement in this disease remains unclear. Long non-coding RNAs (lncRNAs) are a group of non-protein-coding RNAs that are \>200 nucleotides long ([@b12-ol-0-0-11166],[@b13-ol-0-0-11166]). Due to their complex spatial structure, the mechanisms involved in regulating their expression are particularly diverse and complex. Characterization of the functional mechanisms of lncRNA effects in tumors not only contributes to the application of clinical biomarkers, but also promotes the development of new cancer therapeutic targets ([@b14-ol-0-0-11166]). A number of lncRNAs have been demonstrated to regulate important cancer-related processes ([@b15-ol-0-0-11166]), including apoptosis, viability, metastasis, metabolism and chemotherapy resistance ([@b16-ol-0-0-11166],[@b17-ol-0-0-11166]). LINC00365 is one of the lncRNAs encoded by a gene with a chromosomal location 13q12.3 ([@b18-ol-0-0-11166]). Our previous study revealed that LINC00365 exhibits significantly different expression levels in gastric cancer compared with those in normal tissue ([@b3-ol-0-0-11166]). In addition, studies using bioinformatics approaches have predicted that SCGB2A1 secreted into the blood and urine is a potential target for LINC00365 ([@b3-ol-0-0-11166]).

The activation of nuclear transcription factor κB (NF-κB) is involved in the transcriptional regulation of many genes ([@b19-ol-0-0-11166]). The role of the NF-κB-mediated cell signal transduction pathway in cell viability and apoptosis has been a focus of intensive research globally ([@b20-ol-0-0-11166]--[@b22-ol-0-0-11166]). NF-κB suppresses apoptosis by inducing the expression of apoptosis-inhibitory genes, including inhibitors of apoptosis proteins (IAPs), cellular FLICE-like inhibitory protein, TNF receptor-associated factor 1 (TRAF1) and TRAF2 ([@b22-ol-0-0-11166]--[@b25-ol-0-0-11166]). Two typical pro-survival NF-κB targets are X-linked inhibitor of apoptosis and Bcl2-like 1 (Bcl-xl), which can block apoptosis at multiple steps ([@b26-ol-0-0-11166],[@b27-ol-0-0-11166]). Similarly, NF-κB can promote tumor cell viability by regulating TNF-α, chemokines, adhesion factors, transforming growth factors and other molecules involved in various stages of the inflammatory response ([@b28-ol-0-0-11166]). Previous findings have demonstrated that NF-κB is overexpressed in multiple types of breast cancer cells ([@b29-ol-0-0-11166]), but the specific mechanism associated with this process remains to be identified ([@b30-ol-0-0-11166]). Based on a literature review and previous studies, it is hypothesized in the present study that LINC00365 and SCGB2A1 may affect the activity of breast cancer cells by affecting the transcriptional activity of NF-κB.

The present study aimed to investigate the underlying mechanism of LINC00365 and SCGB2A1 in breast cancer. In addition, the LINC00365-SCGB2A1 axis was demonstrated to participate in the viability and apoptosis of breast cancer cells by regulating the NF-κB signaling pathway. The results of the present study suggested that LINC00365 and SCGB2A1 may become promising targets for breast cancer treatment.

Materials and methods
=====================

### Tissue collection

Paired breast cancer and paracancerous (3--5 cm distal from the cancer tissue) tissues were collected from 30 female patients (age range, 35--70 years) who underwent surgical resection at the China-Japan Union Hospital of Jilin University ([Table I](#tI-ol-0-0-11166){ref-type="table"}). Approval for this study was provided by the Ethics Committee of the China-Japan Union Hospital of Jilin University. The patients were not treated locally or systemically prior to surgery. All tissues were washed with sterile phosphate-buffered saline, snap-frozen in liquid nitrogen and stored at −80°C until RNA extraction.

### Cell lines and culture

Human invasive ductal carcinoma cell lines MCF-7 and T47D were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), 100 IU/ml penicillin and 100 mg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.). Normal human breast epithelial MCF-10A cells were cultured in F12 Ham\'s Mixture (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 5% FBS, epidermal growth factor, insulin, hydrocortisone, cholera toxin, 100 IU/ml penicillin and 100 mg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.). All cells were incubated at 37°C in a humidified atmosphere with 5% CO~2~.

### Expression of LINC00365 and SCGB2A1

Short hairpin RNA (shRNA) sequences were constructed by Shanghai Genechem Co., Ltd. Full-length human LINC00365 and SCGB2A1 expression vectors were constructed by subcloning full-length LINC00365 or SCGB2A1 cDNA fragments into pcDNA3.1 vectors (Shanghai Genechem Co., Ltd.). Transfections were performed using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Briefly, MCF-7 and T47D cells were seeded into 6-well plates at the density of 6×10^5^ cells per well and transfected with 4 µg LINC00365 or SCGB2A1 expression vector for 6 h with 10 µl (1 µg/µl) Lipofectamine^®^ 2000 per well. After 48 h, the cells were harvested for subsequent experiments.

### Cell viability assay

Cell viability was determined by real-time unlabeled cell assay (RTCA). MCF-7 and T47D cells transfected with an empty vector, LINC00365 or SCGB2A1 overexpression vectors were inoculated into an E-Plate assay plate at a density of 1.2×10^4^ cells/well and subsequently maintained at room temperature for 30 min. The E-Plate detection was placed on a test stand, and a cell viability curve was created following real-time dynamic detection of cell viability.

### RNA extraction and reverse transcription-quantitative PCR (RT-qPCR) analysis

Total RNA was extracted from tissues or cells using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse-transcribed into cDNA according to the manufacturer\'s instructions, by using the EasyScript First-Strand cDNA Synthesis (Beijing Transgen Biotech Co., Ltd.). qPCR was performed using an MX300P instrument (Agilent Technologies, Inc.), followed by a three-step PCR protocol. cDNA was used as template and cycling parameters were as follows: 95°C for 2 min, followed by 40 cycles of 95°C for 10 sec, 60°C for 30 sec and 72°C for 30 sec. Relative expression was calculated by 2^−ΔΔCq^ among different experimental groups with normalization to GAPDH expression ([@b31-ol-0-0-11166]). The primer sequences were as follows: LINC00365 forward, 5-TGCTATTCTATGGCTGGGCTTC-3′ and reverse, 5′-ACTGTTGAATTTCCTGGATGTGTC-3′; SCGB2A1 forward, 5′-AAACTCCTGGAGGACATGGTT-3′ and reverse, 5′-ACTGCTTGAATTTCCCCATAGC-3′; C-X-C motif chemokine ligand 8 (CXCL8) forward, 5′-ATGACTTCCAAGCTGGCCGTGGCT-3′ and reverse, 5′-TCTCAGCCCTCTTCAAAAACTTCTC-3′; transforming growth factor β 1 (TGFβ1) forward, 5′-GGATAACACACTGCAAGTGG-3′ and reverse, 5′-GAGCTGAAGCAATAGTTGGTG-3′; c-IAP1 forward, 5′-GTTCAGTGGTTCTTACTCCAGC-3′, reverse, 5′-ACTGTAGGGGTTAGTCCTCGAT-3′; and GAPDH forward. 5′-AGAGGCAGGGATGATGTTCTG-3′ and reverse, 5′-GACTCATGACCACAGTCCATGC-3′.

### Clone formation assay

Following transfection with LINC00365- and SCGB2A1-overexpressing vectors for 12 h, MCF-7 and T47D cells were collected, counted and seeded in a 6-well plate at 500 cells/well. Negative control (NC) and LINC00365- and SCGB2A1-overexpressing groups were established, and experiments were performed in triplicate for each group. Following 1-week incubation with fresh medium, the cells were fixed with 4% paraformaldehyde for 15 min at 37°C, in a humidified atmosphere with 5% CO~2~, washed once with PBS and stained with 0.1% crystal violet for 30 min at room temperature. The number of cell clones was counted using a light microscope (OLYMPUS IX-71; Olympus Corporation; magnification, ×10).

### Flow cytometric analysis

MCF-7 and T47D breast cancer cells were seeded in 6-well plates and transfected with empty, LINC00365- or SCGB2A1-overexpressing vectors for 48 h. Attaching cells and cells in the supernatant were collected. Each group of cells was stained with Annexin-V FITC/propidium iodide (Annexin V Apoptosis Detection Kit II; BD Biosciences). Samples were analyzed using a BD Accuri C6 flow cytometer (Becton, Dickinson and Company).

### Western blot assay

MCF-7 and T47D cells were lysed with a protein extraction reagent buffer (RIPA; Beyotime Institute of Biotechnology) containing a protease inhibitor cocktail and phenylmethylsufonyl fluoride. Protein concentration was measured using the Coomassie G250 assay (Beyotime Institute of Biotechnology). Proteins (70 µg) were separated by 10% SDS-PAGE and transferred to a PVDF membrane. The membrane was blocked with 10% milk and washed with TBS + 0.1% Tween-20. Subsequently, the membrane was incubated with a primary antibody (ProteinTech Group, Inc.; BCL2, cat. no. 12789-1-AP, Bcl-XL, cat. no. 26967-1-AP, Caspase 3, cat. no. 19677-1-AP, BAX, cat. no. 50599-2-Ig10268-1-AP, β-actin, cat. no. 23660-1-AP) diluted 1:1,000 overnight at 4°C, followed by incubation with the secondary antibody (ProteinTech Group, Inc.; anti-mouse, cat. no. SA00001-1; anti-rabbit, cat. no. SA00001-2) diluted 1:1,000 at room temperature for 1--2 h. Immunodetection was performed using ECL reagent (Thermo Fisher Scientific, Inc.) and visualized by Syngene Bio Imaging (Synoptics Ltd.). ImageJ (×64) software (National Institutes of Health) was used to quantify the results.

### 5-Ethynyl-2′-deoxyuridine (EdU) cell viability assay

MCF-7 and T47D cells transfected with empty, LINC00365- or SCGB2A-overexpressing vectors were inoculated into 96-well plates and fixed with 4% paraformaldehyde for 20 min at room temperature. Diluted EdU (cat. no. C10310-1; Suzhou Ribo Life Science Co. Ltd; 50 µl) was added per well according to the manufacturer\'s instructions. The cells were washed with PBS, followed by DNA staining with Hoechst-33342 at room temperature for 5 min, and the staining was observed using OLYMPUS IX-71 fluorescence microscope (magnification, ×20).

### Immunofluorescence and confocal microscopy

MCF-7 and T47D cells were seeded on glass slides, transfected for 48 h, fixed with 4% paraformaldehyde for 25 min at room temperature, washed with 0.01 M PBS, treated with 0.1% Triton-PBS for 7 min and blocked with 5% FBS for 30 min at room temperate. P50 primary antibody (ProteinTech Group, Inc.; NF-κB, cat. no. 14220-1-AP; 1:200) was added and incubated overnight at 4°C, followed by washing with PBS and incubation with a fluorescent secondary antibody (ProteinTech Group, Inc. FITC, cat. no. SA00003-1; 1:200) for 30 min in the dark at room temperature. Sections were fixed with glycerol at room temperature for 30 min and imaged using an Olympus FV1000 confocal laser microscope (magnification, ×20).

### Luciferase reporter assay

MCF-7 and T47D cells were transfected with 2 µg/ml NF-κB-Luc reporter plasmid and LINC00365/SCGB2A1 plasmid (Sangon Biotech Co., Ltd.) used Lipofectamine^®^ 3000 (Invitrogen; Thermo Fisher Scientific, Inc.), LINC00365 or SCGB2A1 overexpression vectors and the internal reference plasmid for 48 h, Renilla luciferase assay substrate and firefly luciferase detection reagent were added. Renilla luciferase was used as an internal reference, and luciferase activity was measured using a dual luciferase assay kit (Promega Corporation).

### Statistical analysis

Data are expressed as the mean ± SD. SPSS 17.0 software (SPSS, Inc.) was used for statistical analysis. Pearson correlation analysis was used to detect the correlation between LINC00365 and SCGB2A1 transcription level. The differences among multiple groups were analyzed using one-way ANOVA followed by Dunnett\'s multiple comparison post hoc test to determine statistical significance. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### LINC00365 and SCGB2A1 exhibit low expression and are positively correlated in clinical specimens of breast cancer, as well as breast cancer cell lines

The expression levels of LINC00365 and SCGB2A1 mRNA in 30 cancer and adjacent tissues from patients with different types of breast cancer ([Table I](#tI-ol-0-0-11166){ref-type="table"}) were determined by qPCR. The results demonstrated that the expression levels of LNC00365 and SCGB2A1 were decreased in breast cancer tissues compared with adjacent tissues in the majority of patients ([Fig. 1A](#f1-ol-0-0-11166){ref-type="fig"}). Pearson\'s correlation analysis confirmed that LINC00365 expression was positively correlated with SCGB2A1 ([Fig. 1B](#f1-ol-0-0-11166){ref-type="fig"}). In addition, qPCR was used to determine the mRNA expression levels of LINC00365 and SCGB2A1 in MCF-7 and T47D human breast cancer cells, as well as MCF-10A normal breast cells. Consistently with the *ex vivo* results, the expression levels of LINC00365 and SCGB2A1 were lower in the two breast cancer cell lines compared with those in MCF-10A cells ([Fig. 1C](#f1-ol-0-0-11166){ref-type="fig"}).

To confirm the regulatory relationship between LINC00365 and SCGB2A1, MCF-7 and T47D human breast cancer cells were transfected with a LINC00365 overexpression vector. The results demonstrated that SCGB2A1 expression was upregulated at the mRNA and protein level compared with that in the negative control group (NC) ([Fig. 1D and E](#f1-ol-0-0-11166){ref-type="fig"}). However, when SCGB2A1 was overexpressed in breast cancer cells, no significant differences were observed in the change in LINC00365 expression compared with NC, which indicated that SCGB2A1 was downstream of LINC00365 in breast cancer cells ([Fig. 1F](#f1-ol-0-0-11166){ref-type="fig"}).

### Overexpression of LINC00365 and SCGB2A1 inhibits the viability of breast cancer cells

To examine the role of LINC00365, RTCA was used to determine viability of MCF-7 and T47D breast cancer cells transfected with LINC00365 for 72 h. The results demonstrated that overexpression of LINC00365 inhibited breast cancer cell viability by \>50% compared with that in NC after 72 h. In addition, cells transfected with SCGB2A1 exhibited similar results ([Fig. 2A and B](#f2-ol-0-0-11166){ref-type="fig"}). Clone formation assay confirmed that cell viability significantly decreased following overexpression of LINC00365 or SCGB2A1 compared with that in NC ([Fig. 2C and D](#f2-ol-0-0-11166){ref-type="fig"}). EdU cell viability assay results also demonstrated that overexpression of LINC00365 and SCGB2A1 significantly reduced the viability of MCF-7 and T47D breast cancer cells compared with that in the NC group ([Fig. 2E and F](#f2-ol-0-0-11166){ref-type="fig"}).

### Overexpression of LINC00365 and SCGB2A1 induces apoptosis in breast cancer cells

To assess the role of LINC00365 in cell death, flow cytometry was used to evaluate apoptosis in cells transfected with LINC00365 or SCGB2A1 overexpression vectors. The results demonstrated that overexpression of LINC00365 or SCGB2A1 promoted apoptosis in breast cancer cell lines MCF-7 and T47D ([Fig. 3A and B](#f3-ol-0-0-11166){ref-type="fig"}). Western blotting was used to detect the expression of cleaved-caspase 3 and Bcl-2 family members, including the anti-apoptotic members Bcl-2 and Bcl-xl, as well as the pro-apoptotic member Bax. The results revealed that overexpression of LINC00365 and SCGB2A1 promoted the activation of cleaved-caspase-3 in MCF-7 and T47D cells compared with that in the NC group. In addition, the anti-apoptotic protein Bcl-xl was downregulated in MCF-7 and T47D cells, whereas Bcl-2/Bax ratio was decreased in MCF-7 and T47D cells compared with that in the NC group, indicating that overexpression of LINC00365 or SCGB2A1 induced apoptosis in MCF-7 and T47D breast cancer cells ([Fig. 3C-F](#f3-ol-0-0-11166){ref-type="fig"}).

### LINC00365 inhibits cell viability by suppressing the NF-κB signaling pathway

The levels of p-IκBα in breast cancer cells were determined by western blotting; the results demonstrated that LINC00365 or SCGB2A1 overexpression inhibited IκBα phosphorylation, suggesting the potential involvement of NF-κB signaling in breast cancer ([Fig. 4C](#f4-ol-0-0-11166){ref-type="fig"}). The p-IκBα/IκBα ratio revealed that there was at least a 2-fold difference between the MCF-7 and T47D cell lines, which indicated that NF-κB signaling in MCF-7 cells may be more sensitive to LINC00365 overexpression compared with that in T47D cells ([Fig. 4D](#f4-ol-0-0-11166){ref-type="fig"}). In addition, immunofluorescence was used to detect the expression and localization of p50 follwoing LINC00365 or SCGB2A1 overexpression; the results demonstrated that, compared with that in the NC group, the expression of p50 protein in the nucleus was decreased following transfection with LINC00365 or SCGB2A1 in MCF-7 and T47D cells compared with NC ([Fig. 4A and B](#f4-ol-0-0-11166){ref-type="fig"}).

Dual luciferase reporter gene assay was performed to confirm the effects of LINC00365 or SCGB2A1 overexpression on the NF-κB signaling pathway. Consistent with results of the immunofluorescence assay, transcriptional activity of NF-κB was decreased in the transfected groups ([Fig. 4E and F](#f4-ol-0-0-11166){ref-type="fig"}). In addition, qPCR was used to detect apoptosis and viability-related genes regulated by NF-κB. The results demonstrated that the levels of the anti-apoptotic gene cellular inhibitor of apoptosis 1 and the pro-survival genes CXCL-8 and TGF-β were decreased in the transfected groups in the two cell lines, which suggested that LINC00365 and SCGB2A1 may control cell viability through the regulation of NF-κB signaling ([Fig. 5A-F](#f5-ol-0-0-11166){ref-type="fig"}).

Discussion
==========

Increasing evidence has demonstrated that lncRNAs are involved in cell viability, apoptosis, migration and invasion in breast cancer ([@b32-ol-0-0-11166]). Certain lncRNAs have been identified as tumor-driving oncogenes, whereas others are tumor suppressors ([@b33-ol-0-0-11166],[@b34-ol-0-0-11166]). Therefore, lncRNAs can be used as biomarkers for diagnosis and prognosis of breast cancer and as potential therapeutic targets ([@b35-ol-0-0-11166]). The results of the present study demonstrated that overexpression of lncRNA LINC00365 resulted in the upregulation of SCGB2A1. In addition, the LINC00365-SCGB2A1 axis inhibited the activation of the NF-κB signaling pathway in breast cancer cells, subsequently inhibiting cell viability and inducing apoptosis. Therefore, the LINC00365-SCGB2A1 axis may be a potential therapeutic target in breast cancer ([@b36-ol-0-0-11166]).

Our previous study hypothesized that the level of LINC00365 may correlate with that of the protein encoded by its potential regulatory target gene SCGB2A1 in gastric cancer ([@b3-ol-0-0-11166]). Recently, SCGB2A1 was detected in the secretory mucosal epithelia of the breast, uterus and lacrimal glands, and it is known to be expressed in the prostate ([@b10-ol-0-0-11166]). Wong *et al* ([@b5-ol-0-0-11166]) also demonstrated that SCGB2A1 was upregulated upon bisphenol A treatment in the rat prostate, suggesting its involvement in prostate development. Other studies have reported that both LINC00365 and SCGB2A1 are expressed at a low level in primary breast cancer and occult breast metastatic tissues ([@b3-ol-0-0-11166],[@b10-ol-0-0-11166]). It may be speculated that LINC00365 and SCGB2A1 may be inhibited by cancer-related factors and pathways, which would result in a trend for low expression. Based on the analyses of clinical breast cancer specimens and breast cancer cell lines MCF-7 and T47D, the results of the present study demonstrated that SCGB2A1 may participate in tumor development by affecting the activation of NF-κB signaling.

NF-κB is constitutively activated in a number of tumors and is considered to be a key factor in cancer development ([@b37-ol-0-0-11166],[@b38-ol-0-0-11166]). NF-κB is involved in gene regulation, the activation of which promotes cell viability and inhibits cell death ([@b39-ol-0-0-11166]). Its normally localized in cytoplasm in an inactive form and binds to unphosphorylated IκBα. During its activation, IκB is phosphorylated and thus dissociates from NF-κB; subsequently, NF-κB is transferred from the cytoplasm to the nucleus, where it regulates gene expression ([@b40-ol-0-0-11166]). The results of the present study indicated that overexpression of either LINC00365 or SCGB2A1 downregulated the activity of the NF-κB signaling pathway. Interestingly, compared with LINC00365 transfection, SCGB2A1 exhibited stronger effects on NF-κB signaling pathway inhibition. Similarly, pro-apoptotic effects induced by SCGB2A1 overexpression were stronger compared with those induced by LINC00365 in T47D and MCF-7 breast cancer cells. These results indicated that LINC00365 may have other target genes that impair the effects caused by SCGB2A1. In addition, following overexpression of LINC00365 or SCGB2A1, the apoptotic rate of MCF-7 cells was notably higher compared with that of T47D cells, which suggested that different breast cancer cell lines may have different sensitivity to LINC00365.

Apoptosis can be triggered in a cell through either the caspase-mediated intrinsic or extrinsic pathway ([@b41-ol-0-0-11166]). The extrinsic apoptotic pathway (death receptor-dependent) is initiated by the interaction of death receptors exposed on the cell surface; the more intensely characterized signaling systems of death receptor-ligands include recombinant Human TNF Receptor Type 1-TNFα, factor associated suicide (FAS) (CD95, APO-1)-FasL, TNF related apoptosis inducing ligand related receptor 2 TRAILR2 (DR5)-TRAIL, and TRAILR1 (DR4)-TRAIL ([@b41-ol-0-0-11166]). By contrast, the intrinsic apoptotic pathway (mitochondrion-dependent) is mediated by intracellular signals that gather at the mitochondrial level in response to stress. The intrinsic pathway is frequently regulated by the Bcl-2 family of intracellular proteins ([@b42-ol-0-0-11166]). This protein family controls the alteration of mitochondrial outer membrane permeabilization by regulating the intrinsic pathways that promote and inhibit apoptosis ([@b43-ol-0-0-11166]). Bax serves a key role in the mitochondrial stress-induced apoptosis and can form a dimer with Bcl-2; this dimer enhances the permeability of the mitochondrial membrane and releases cytochrome C and Ca^2+^, leading to caspase activation ([@b44-ol-0-0-11166]). In MCF-7 cells, the Bcl-2/Bax dimer expression was decreased following overexpression of LINC00365 compared with that upon overexpression of SCGB2A1; however, the overall apoptotic rate was higher, which indicated that overexpression of LINC00365 may activate the extrinsic apoptotic pathway. In addition, following transfection with LINC00365 or SCGB2A1 overexpression vectors, the expression levels of Bcl-2 family proteins changed significantly, but no notably change was observed in cleaved-caspase 3, which indicated that LINC00365 and SCGB2A1 may regulate additional pathways to counteract apoptosis in MCF-7 cells. In T47D cells, Bcl-2 family protein expression levels exhibited little change, but cleaved-caspase 3 expression was increased significantly, which indicated that LINC00365 and SCGB2A1 may regulate extrinsic apoptosis. Therefore, although the LINC00365-SCGB2A1 axis may be used as a tumor marker or a therapeutic target, it exhibits certain differences among breast cancer cell lines. However, the LINC00365-SCGB2A1 axis may affect biological characteristics of breast cancer by regulating the NF-κB signaling pathway.

The results of the present study suggested that LINC00365 may be a potential lncRNA biomarker for breast cancer treatment. Further *in vivo* experiments and clinical studies are needed to verify the activation of the LINC00365-SCGB2A1 axis. Based on existing reports, LINC00365 may further regulate SCGB2A1 by chromatin modifications, which will be verified in our future studies ([@b45-ol-0-0-11166],[@b46-ol-0-0-11166]). In addition, in further studies, high-throughput sequencing will be used to explore other regulatory mechanisms.

In conclusion, the results of the present study revealed the involvement of the LINC00365-SCGB2A1 axis in breast cancer. This axis may inhibit breast cancer cell viability and promote apoptosis through the suppression of the NF-κB signaling pathway. The LINC00365-SCGB2A1 axis may become a novel target of breast cancer therapy.
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![Expression of the long non-coding RNA LINC00365 in breast cancer tissues and cell lines. (A) LINC00365 and SCGB2A1 expression was significantly reduced in breast cancer tissues compared with the corresponding normal breast tissues in 30 patients with breast cancer. (B) Pearson\'s correlation analysis identified a correlation between LINC00365 and SCGB2A1 expression in breast cancer tissues. (C) Expression of LINC00365 and SCGB2A1 in breast cancer cell lines MCF-7 and T47D and a normal breast epithelial cell line MCF-10A. The expression of LINC00365 and SCGB2A1 is normalized to that of MCF-10A. (D) Increased expression of SCGB2A1 following LINC00365 overexpression in MCF-7 and T47D cell lines after 48 h, determined by western blotting. (E) In cells overexpressing LINC00365, the expression levels of SCGB2A1 were significantly increased. (F) In cells overexpressing SCGB2A1, the expression levels of LINC00365 were not significantly altered. \*P\<0.05 and \*\*P\<0.01 vs. NC. SCGB2A1, secretoglobin family 2A member 1; NC, negative control; qPCR, quantitative PCR.](ol-19-01-0753-g00){#f1-ol-0-0-11166}

![Overexpression of LINC00365 and SCGB2A1 inhibits the viability of breast cancer cells. (A and B) Viability of (A) T47D and (B) MCF-7 cells following LINC00365 and SCGB2A1 overexpression was detected by real-time unlabeled cell assay. (C and D) Clone formation of (C) T47D and (D) MCF-7 breast cancer cells. (E and F) EdU staining experiments demonstrated that the viability of breast cancer cells was reduced following overexpression of LINC00365 and SCGB2A1. \*P\<0.05 and \*\*P\<0.01 vs. NC. SCGB2A1, secretoglobin family 2A member 1; NC, negative control; EdU, 5-ethynyl-2′-deoxyuridine.](ol-19-01-0753-g01){#f2-ol-0-0-11166}

![Overexpression of LINC00365 and SCGB2A1 induces apoptosis in breast cancer cells. (A) Apoptotic rate was determined by Annexin V/propidium iodide assay following transfection of MCF-7 and T47D cells with LINC00365- and SCGB2A1-expressing vectors. (B) Quantitative analysis of the apoptosis results. (C) Western blotting analysis of cleaved-caspase-3, Bcl-xl, Bcl-2 and Bax in MCF-7 and T47D cells following transfection with LINC00365- and SCGB2A1-expressing vectors. β-actin was used as an internal control. (D-F) The ratio of protein/β-actin in T47D and MCF-7 cells. \*P\<0.05 and \*\*P\<0.01 vs. NC. SCGB2A1, secretoglobin family 2A member 1; NC, negative control; Bcl-xl, Bcl2-like 1.](ol-19-01-0753-g02){#f3-ol-0-0-11166}

![LINC00365 regulates SCGB2A1-mediated inhibition of the NF-κB signaling pathway. (A and B) Confocal images of changes in p50 expression in the nuclei of (A) T47D and (B) MCF-7 breast cancer cells following overexpression of LINC00365 and SCGB2A1. Scale bar, 50 µm. (C) Following overexpression of LINC00365 and SCGB2A1, expression of p-IκBα and IκBα in breast cancer cells was determined by western blotting. (D) Quantitative analysis of p-IκBα/IκBα protein levels. (E and F) Detection of NF-κB signaling pathway activity in (E) T47D and (F) MCF-7 cells by dual luciferase reporter assay. \*P\<0.05 and \*\*P\<0.01 vs. NC unless indicated otherwise. SCGB2A1, secretoglobin family 2A member 1; IκBα, NF-κB inhibitor α; p-, phosphorylated; NC, negative control.](ol-19-01-0753-g03){#f4-ol-0-0-11166}

![Regulation of downstream genes by decreased NF-κB activity. (A-F) Changes of (A and D) CXCL-8, (B and E) TGF-β and (C and F) c-IAP1 in MCF-7 and T47D breast cancer cells following overexpression of LINC00365 and SCGB2A1, as determined by quantitative PCR. \*P\<0.05 vs. NC. CXCL-8, C-X-C motif chemokine ligand 8; TGF-β, transforming growth factor β; c-IAP1, cellular inhibitor of apoptosis 1; SCGB2A1, secretoglobin family 2A member 1; NC, negative control.](ol-19-01-0753-g04){#f5-ol-0-0-11166}

###### 

Patient information.

  No.   Sex      Age, years   ER   PR   HER-2   Type
  ----- -------- ------------ ---- ---- ------- ------------
  1     Female   52           \+   \+   −       Luminal B
  2     Female   47           \+   \+   \+      Luminal B
  3     Female   68           −    −    \+      HER2^+^
  4     Female   39           \+   \+   \+      Luminal B
  5     Female   62           \+   \+   \+      Luminal B
  6     Female   64           \+   \+   \+      Luminal B
  7     Female   58           \+   \+   −       Luminal B
  8     Female   48           −    −    −       Basal-like
  9     Female   65           \+   2+   \+      Luminal A
  10    Female   64           −    −    \+      HER2^+^
  11    Female   46           \+   \+   \+      Luminal B
  12    Female   40           \+   \+   −       Luminal B
  13    Female   54           −    −    \+      HER2^+^
  14    Female   50           \+   \+   −       Luminal B
  15    Female   35           \+   \+   \+      Luminal B
  16    Female   47           \+   2+   \+      Luminal B
  17    Female   45           \+   \+   \+      Luminal B
  18    Female   69           \+   \+   \+      Luminal B
  19    Female   69           \+   2+   \+      Luminal B
  20    Female   65           \+   \+   \+      Luminal B
  21    Female   63           \+   \+   \+      Luminal B
  22    Female   43           \+   \+   −       Luminal B
  23    Female   70           \+   \+   −       Luminal B
  24    Female   60           \+   \+   \+      Luminal B
  25    Female   52           −    −    \+      HER2^+^
  26    Female   38           −    −    \+      HER2^+^
  27    Female   62           \+   \+   −       Luminal B
  28    Female   59           \+   2+   −       Luminal A
  29    Female   56           \+   \+   \+      Luminal B
  30    Female   43           \+   \+   \+      Luminal B

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

[^1]: Contributed equally
